The growing interest in thermal comfort of outdoor environments yields in different analysis on courtyards as a common space between urban and architectural scales. However, there is a limited knowledge regarding the microclimatic behavior of such spaces. Using ENVI-met simulations, this paper aims to numerically discuss the thermal performance of different configurations of traditionally designed courtyards in Shiraz, Iran, which experiences hot summers and cold winters. The geometrical effects such as orientation and H/W (height to width ratio) of courtyards are considered as potential parameters to improve the microclimatic conditions. In this paper, PMV and UTCI are used as thermal comfort indices.
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Introduction
The quality of urban environments has recently become a multidisciplinary subject (Steemers, 2003) (Littlefair, et al., 2001 ) (Berkovic, Yezioro, & Bitan, 2012) . In fact, the meteorologists gradually shifted their focus on visible changes of urban climates and heat islands to micro scales (Oke , 2002) (Landsberg, 1981) . This is mainly due to the importance of urban design based on changes of urban climates and intensified heat islands. On the other hand, urban planners as well as architects investigating the interaction between environmental factors and buildings adopted a wider perspective in order to properly assess the existed interactions on a larger scale (Berkovic, Yezioro, & Bitan, 2012) (Knowles, 1981) . As the interest in topics regarding thermal comfort in outdoor environments grows, as a common theme in both field, central courtyards are thoroughly discussed as an interactive space between urban and architectural scales. Central courtyard is an open or semi-open space that is surrounded by either walls or buildings (Taleghani, Tenpierik, & van den Dobbelst, 2014) . Utilizing central courtyards in Iran dates back to the ancient time (Saljoughinejad & Rashidi Sharifabad, 2015) (Memarian & Brown, 2006) (Safarzadeh & Bahadori, 2005) . This type of architecture has also been used by many ancient civilizations (Taleghani, Tenpierik, & van den Dobbelst, 2012) (Saljoughinejad & Rashidi Sharifabad, 2015) (Mohsen, 1979a) . The central courtyards are used in order to have access to fresh air and daylight in extreme climates (Sharples & Bensalem, 2001) (Alvarez, Sanchez, & Molina, 1998) (Shao, Walker, & Woolliscroft, 1993) (Sadafi, Salleh, Chin Haw, & Jaafar, 2011) (Hopkinson, Galbraith, Petherbridge, & Longmore, 1966) (Acosta, Navarro, & Sendra, 2014) (Acosta, Navarro, & Sendra, 2013) (Vaisman & Horvat, 2015) (Michael, Heracleous, Thravalou, & Philokyprou, 2017) . The validity of central courtyards as a way to reduce energy consumption in interior spaces is approved by several studies (Safarzadeh & Bahadori, 2005) (Taleghani, Tenpierik, & van den Dobbelst, 2014) (Yasa & Ok, 2014) (Muhaisen & Gadi, 2006b) (Zakaria, Kubota, & Chyee Toeb, 2015) (Al-Masri & Abu-Hijleh, 2012) (Manioglu & Koçlar Orala, 2015) . In fact, the central courtyard is regarded as a climatic optimizer as it provides better environmental thermal conditions (Memarian & Brown, 2006) (Memarian, 1998) (Biabani Moghadam Babolia, Ibrahim, & Mohds Sharifc, 2015) (Soflaei, Shokouhian, & Mofidi Shemirani, 2016 ). There has not been an effort in order to improve thermal comfort of these buildings in Iran, despite the increasing development of urban environments as well as utilization of central courtyards in contemporary architecture of Iran.
Meir et al (Meir, Pearlmutter, & Etzion, 1995) conducted the very first research regarding the microclimatic behavior of unshaded courtyards. Two identical central courtyards with different orientations (westward and southward) are tested in order to determine the necessary information regarding impacts of geometry on thermal behavior of these models in hot and dry climates. It is concluded that geometry has a vital role in thermal behavior of such courtyards along with proper orientation and regulating ventilation as well as appropriate shadowing could improve the microclimatic situation. Muhaisen and Gadi's research on circular, polygon and rectangular courtyards indicate dimensions, proper proportion, latitude and climatic conditions are effective in terms of appropriate shadowing in a courtyard (Muhaisen & Gadi, 2006a ) (Muhaisen & Gadi, 2005) (Muhaisen, 2006) . They also suggest the optimum height for rectangular courtyards in hot and humid, hot and dry, temperate and cold climates are 4, 2 and 1 floor respectively. An efficient courtyard should allow the maximum amount of sunlight during winter while reducing it to its possible minimum amount in summer (Muhaisen, 2006) . However, absorbing more solar radiation in winter is more important than blocking the same radiations during summer (Muhaisen & Gadi, 2006b ). Berkovic et al (Berkovic, Yezioro, & Bitan, 2012) numerical study of different configuration of courtyards in hot and dry climate conclude that thermal comfort of central courtyards is highly dependent on solar radiation and shadowing has a vital role to improve thermal comfort in summer. Considering the aforementioned facts, the importance of courtyards of north-south orientation and vegetation for better shadowing is suggested in this article. In a conducted research (Al-Hemiddi & Al-Saud, 2001 ) is concluded that covering courtyards during the day and doing the opposite at night significantly reduces the average temperature of the courtyard. In addition, central courtyards with swimming pools, canopies and spraying water during sunny hours of the day have significant effects on improving thermal behavior of indoor environments.
Implementing cantilevered roofs as a shadowing approach is verified in this research regarding improving the microclimatic conditions (Almhafdy, Ibrahim, Sh Ahmad, & Yahya, 2015) . The obtained results prove the superiority of rectangular central courtyards (with ratio of 1:2) over square courtyards.
Ghaffarianhosseini's et al (Ghaffarianhoseini, Berardi, & Ghaffarian, 2015) research investigates effects of unshaded courtyards on thermal comfort in hot and humid climate of Malaysia using ENVI-met. A 24 x 24 square courtyard as the common form of courtyards in Malaysia is selected in order to determine the effects of geometry (orientation and heights of surrounding buildings) and vegetation. The obtained results show that northward courtyards due to better shadowing perform better in contrast to the other orientations.
Increasing height of the walls and implementing proper form of vegetation also improves the overall thermal comfort. It could be concluded that thermal comfort is easily achievable using appropriate design (Ghaffarianhoseini, Berardi, & Ghaffarian, 2015) . The aforementioned fact is supported by many research studies on this particular matter (Mohsen, 1979a) (Mohsen, 1979b) (Aldawoud, 2008) (Cantón, Ganem, Barea, & Fernández Llano, 2014) .
The microclimatic research projects indicate that thermal comfort and behavior is highly dependent on geometrical parameters such as urban canyons (Thorsson, Lindberg, Bjorklund, & Rayner, 2011) (Coronel & Alvarez, 2001 ) (Santamouris, Papanikolaou, Koronakis, Livada, & Asimakopoulos, 1999) (Yang, Li, & Yang, 2012) (Bourbia & Awbi, 2004a) (Herrmann & Matzarakis, 2012) (Ndetto & Matzarakis, 2013) (KaLun Lau, Lindberg, Rayner, & Thorsson, 2015) . For instance, Ali-Toudert conducted research during summer of a hot and dry climate, discussing creating and expanding a microclimatic comfort zone on street level (Ali Toudert, 2005) (Ali- Toudert & Mayer, 2006 ) (Ali-Toudert, Djenane, Bensalem, & Mayer, 2005 .
These studies illustrate conjunction of geometrical parameters such as aspect ratio and solar orientation as a proper strategy to decrease thermal stresses. They also include the change of Tmrt (mean radiant temperature) which is the overall absorbed energy by pedestrians have significant effects on thermal comfort in outdoor environments (Ali-Toudert, Djenane, Bensalem, & Mayer, 2005 ) (Ali- . In such climates urban canyons with greater diameter (higher sky view factor (SVF)) causes more thermal stresses while for deep urban canyons orientation becomes a vital element (Ali- (Pearlmutter, Bitan, & Berliner, 1999) (Bourbia & Boucheriba, 2010) (Bourbia & Awbi, 2004b) . However, Sharmin and Steemers mention that in mid-latitude cities where the Sun height is fairly low, using low depth urban canyons decreases Tmrt while in cities where the Sun height is greater deep urban canyons are unable to block solar radiation properly and due to overall increase of net radiant, Tmrt also increases accordingly (Sharmin & Steemers, 2013) . The effects of proper designing of streets (H/W, vegetation, orientation and SVF) in hot and dry weather in central Europe is studied thoroughly (Holst & Mayer, 2011) . In some of these studies, the significance of 3D Radiant Flux Densities and its impact on Tmrt, PET and temperature is discussed and they indicate change of Tmrt and Radiant Flux Densities of long and short wavelengths are of high importance (Holst, Dostal, Imbery, & Mayer, 2009) (Mayer, Kuppe, Holst, & Matzarakis, 2009) . In general, the magnitude of Tmrt is shown through 3D Radiant Flux Densities with long wavelength while its fluctuation is dependent on short wavelength (Lee, Mayer, & Schindler, 2014 ) (Ali- . For instance, the short wavelength effects on changes of Tmrt is about 10% under shadow and 29% in locations without shadow (Mayer, Kuppe, Holst, & Matzarakis, 2009 ). In addition, vegetation as a microclimatic optimizer works perfectly in conjunction with trees in contrast to being implemented solely. This statement is verified by many studies which mainly concentrate on the importance as well as the effects of vegetation on regulating Tmrt and PET (Ali- (Lee, Holst, & Mayer, 2013) (Hisarligil, 2013) (Makaremi, Salleh, Jaafar, & Ghaffarian Hoseini, 2012) (Yahia & Johansson, 2014) (Shashua-Bar, Pearlmutter, & Erell, 2009) (Robitu, Musy, Inard, & Groleau, 2006) (Christopoulou, Tsiros, Hoffman, & Tseliou, 2015) (Chen & Ng, 2013) (Lin, Matzarakis, & Hwang, 2010) [61-70]. Taleghani's et al ) study which is conducted in a temperate climate discusses different approaches for decreasing absorbed solar radiation such as geometrical parameters (orientation and overall configuration), vegetation, using surfaces with higher albedo and water pools. The obtained results of many studies show that buildings with a single configuration, linear or courtyard, those with courtyard experience the lowest rate of energy consumption and providing thermal comfort for longest hours during the summer and implanting such a design in urban blocks creates the most desirable microclimatic condition in contrast with single configuration and linear models (Taleghani, Kleerekoper, Tenpierik, & van den Dobbelsteen, 2015) (Taleghani, Tenpierik, van den Dobbelsteen, & de Dearb, 2013) . Furthermore, these studies suggest direct exposure time and Tmrt are the most important factors in changes of thermal comfort (Taleghani, Kleerekoper, Tenpierik, & van den Dobbelsteen, 2015) . According to a review of current scientific themes, there is a gap in followings: There are a few studies in terms of thermal comfort in central courtyards.
There is also a need for policy formulation of such designs since implementing it in current architecture urges the need of using different strategies at early stages while there are a few studies regarding this matter performing ideally both in cold winters and hot summers. There are also limited research on thermal environment of central courtyards in traditional architecture of Iran, considering Iran as one of the first exploiters of this idea. Therefore, this study aims to fully discuss the thermal behavior of courtyards during summer and winter using traditional architectural methods used in Shiraz, Iran.
Methodology
This research investigates the thermal comfort of traditional courtyard houses in Shiraz. The scientific approach of this study is divided into two phases:
Phase 1: Evaluating the thermal performance of such designs in houses with courtyards in Shiraz.
Phase 2: Selecting a model with the most desirable thermal performance and investigating the effects of geometrical parameters (H/W and orientation) on its performance. 
Categorizing samples with courtyards:
In order to select the desired sample based on traditional architecture of Shiraz, 45 houses with courtyards (hamgardi, n.d.) (ataland, n.d.) (jonoubnews, n.d.) . 
Simulation procedure:
All simulations in this study are done by the urban computational fluid dynamics software ENVI-met 4.
ENVI-met is a holistic three-dimensional non-hydrostatic model for the simulation of surface-plant-air interactions. It is designed for microscale simulation with a typical horizontal resolution from 0.5 to 10 m and a typical time frame of 24 to 48 hours with a time step of 1 to 5 seconds. This resolution allows to analyze small-scale interactions between individual buildings, surface and plants (Bruse, ENVI-met 4.0 beta, 2015) . ENVI-met is capable of calculating main wind flow, turbulence, radiative fluxes, air temperature and humidity (Bruse & Fleer, 1998) . Some of the important assumptions in ENVI-met are listed in Table 3 . This software is authenticated regarding computing conditions of outdoor environments (Ghaffarianhoseini, Berardi, & Ghaffarian, 2015 ) (Ali- Toudert & Mayer, 2006) (Yahia & Johansson, 2014 ) (Salata, Golasi, de Lieto Vollaro, & de Lieto Vollaro, 2015) (Middel, Häb, Brazel, Martin, & Guhathakurta, 2014 ) (Krüger, Minella, & Rasia, 2011) (Chow & Brazel, 2011) (Lahme & Bruse, 2003 ) (Taleb & AbuHijleh, 2013 ) . Table 4 illustrates the simulation conditions of this study. Many indices are being used to evaluate thermal comfort in outdoor environments, such as: the Physiological Equivalent Temperature (PET) (Höppe, 1999) , the Actual Sensation Vote (ASV) (Nikolopoulou, 2004) , the Effective Universal Temperature (ETU) (Nagano & Horikoshi, 2011) , the Wet Bulb Globe Temperature (WBGT) (Yaglou & Minard, 1957) , the Effective Temperature (ET) (Houghton & Yaglo, 1923) and the New Standard Effective Temperature (SET*) (Gagge, Stolwijk, & Hardy, 1967) . (Jendritzky, de Dear, & Havenith, 2012) . Considering this model, walking speed of 4km/h (2.3 met) and clo-value is calculated using UTCI clothing model (Emmanuel, 2016) (UTCI, 2015) . 
PMV

Validation of ENVI-met
In November, due to the elimination of some interference, such as the movement of people at the measurement site, as well as permitting field measurements in the courtyard. A field survey was conducted for three consecutive days from 23rd to 25th of November. Then the measured data were averaged over these three days and compared with the simulated averaging data. Figure 5 demonstrates a comparison of both the simulation and obtained data of measurements. This comparison verifies the conducted simulation. The temperature is at its maximum points for both graph around 11am to 1 pm. The temperature difference between both graphs is about 1.5 °C at the maximum points, whereas the average difference is 0.50 °C.
This difference could be justified considering inaccuracies in the data entry, features of used materials and vegetation conditions. The correlation between the measured data and simulation is 0.87 which indicates a high consistency. 
Climatic Data of the Research Location
Shiraz is located in south west of Iran (latitude 29032' N/longitude 52036' E). Iran meteorological organization data show that Shiraz experiences hot and dry summers as well as fairly cold and dry winters (IRIMO, 2015) . In order to properly examine the thermal performance of central courtyards in a period consisting summer and winter, both coldest and hottest days of Shiraz are selected using an official 60-year weather data of Shiraz (1951 Shiraz ( -2010 . According to this data, both highest dry temperature and radiation level occurs in July whereas these two parameters are at their lowest in January (IRIMO, 2015) . The maximum mean of dry temperature in July is 30.1°C while the minimum is 5.6 °C in January (Figure 6 ). However, the relative humidity in July is about 24% and this number increase to 64% in January (Figure 7 ) (IRIMO, 2015) . For simulation purposes, July 12 th with maximum temperature of 37.9 °C and January 5 th with minimum of 0.1°C are selected respectively. The wind speed is 3.4 m/s in July 12th while this number reduces to 2.9 m/s in January. The prevailing wind direction for both days is at 315 degrees. The aforementioned values are used as input data for the simulations (IRIMO, 2015). 
Urban Environment Simulation
The examined models of central courtyard are located in the urban environment of Shiraz. The thermal performance of these models are evaluated with (case 1) and without (case 2) the surrounding urban blocks.
However, the urban blocks of case 2 are genuine and simplified in terms of traditional architecture of Shiraz.
The aspect ratio of urban blocks is genuine and the height change of 1-2 stories is randomly selected.
Air temperature and mean radiant temperature are analyzed in July 12 th . The results of this comparison is shown in Figure 8 . As it is evident, the difference between air temperature and mean radiant temperature in two cases is inconsiderable. The mean radiant temperature difference is about 0.48 °C and this difference for air temperature is 0.33 °C. The high correlation of 0.99 indicate a high consistency between them. The examined central courtyards are considered without the surrounding urban blocks since their effect on air temperature and mean radiant temperature is negligible.
Figure8. (a) The courtyard model with neighboring blocks, (b) the same courtyard model without neighbors, (c) mean radiant temperature in different conditions, (d) the comparison of the mean radiant temperatures in a scattered graph,(e) air temperature in different conditions,(f) the comparison of the air temperatures in a scattered graph.
Results
Phase 1
In this section, thermal performance of 19 central courtyard configurations are analyzed in summer and winter. For analytical purposes of thermal behavior, air temperature, Tmrt and UTCI are considered at the center of each courtyard at the height of 1.5 m during the time range of 6 am-23 pm on July 12 th (hottest day) and January 5 th (coldest day). Due to the higher occupancy and most frequent use of courtyard, the simulation period is from 6am to 23 pm. Most of people in Shiraz culturally use their central courtyards within the time range of 6am-11 pm. Therefore, it is decided to take advantage of this time frame as the optimal time for simulation purposes of this research.
Air temperature analysis
Analyzing the change of temperature, it is obvious that in all 19 models during both summer and winter, the air temperature increases between 6 am-16 pm while it decreases rapidly between 17-23 pm. It is interesting to mention the consistency in the temperature change pattern is the same for all courtyard (Sharmin & Steemers, 2013) .
Mean radiant temperature analysis
The mean radiant temperature, (Tmrt) is defined as "the uniform temperature of an imaginary enclosure in which the radiant heat transfer from the human body is equal to the radiant heat transfer in the actual nonuniform enclosure" (ISO7726, " Ergonomics of the thermal environment -Instrument for measuring physical quantities", 1998). Considering and analyzing Tmrt, the effects of radiation from surfaces and solar radiation on thermal performance become evident as decisive factors regarding microclimatic conditions of outdoor environments (Andreou, 2013 ) (van Esch, Looman, & de Bruin-Hordijka, 2012 . Figure 9 shows the changes of Tmrt in different configurations. During summer (Figure 9a1-4) , Tmrt increases from early morning and it reaches its maximum point between 14-15 pm that is 70-75 °C. In contrast, Tmrt shows a direct relationship with solar radiation in winter. Tmrt increases with solar radiation in early morning up to 14-15 pm and it slowly decreases to late night hours. 4-sided (a1, b1), 3-sided (a2, b2), 2-sided (a3, b3) and 1-sided (a4, b4) courtyard models.
Figure 9. Hourly Mean Radiant Temperature during summer (a) and winter (b) in
During summer: Tmrt's increase pattern of four-sided courtyards (Figure 9a1 ) is identical for all models (1h-5h) which increases between 6 am-14 pm. Tmrt reaches its maximum value (70°C) in all models at 14 pm . During the time range of 14-17 pm, significant changes of Tmrt relatively occur in a way that models 1h, 4h and 5h experience 15 °C less than other models. Tmrt changes during the remaining hours are inconsiderable.
There is a significant Tmrt difference among different models (6h-13h) of three-sided courtyards during time ranges of 6 am-11 pm and 13-17 pm. Model 10h performs lowest temperature in the morning while thermal performance of model 12h is at its lowest (lower Tmrt) in the morning and afternoon. These changes are mainly due to solar radiation blocking in comparison to the other models. Model 12h is a two-story building, its north-south position blocks solar radiation and makes it a suitable model with relatively acceptable thermal behavior. However, model 10h is facing west which makes it unable to block western and southwestern solar radiations between 13-17 pm and reduces its desirable thermal performance in contrast to early morning. Models 6h and 8h inability to block solar radiation in the morning, its Tmrt is higher between 6 am-11 pm.
It is evident from Figure 7a3 that the pattern of Tmrt changes in two-sided courtyards is very similar to changes pattern of three-sided courtyards. Considering this set of models (14h-18h), models 16h and 17h experience a lower rate of Tmrt in contrast to the other models between time ranges of 6 -11 am and 13-17 pm. However, performance of models 14h and 15h is satisfactory in the morning whereas its rate of Tmrt increases as time passes which is mainly due to their inability of solar radiation blocking. Theoretical model of 19h is exposed to vast amount solar radiations and its Tmrt is 76 °C at 3 pm. The thermal performance of models 3c, 4c and 5c during 9 am-15 pm is most desirable (higher Tmrt) amongst four-sided courtyards, Figure 9b1 . They allow in greater portion of solar radiations in those hours.
Models 6c,8c,11c and 12c (Figure 7b2 ) are the three-sided courtyards which perform better in the time range of 8 am-15 pm. Analyzing two-sided courtyards in Figure 9b3 , models 15c and 16c show greater rate of Tmrt in comparison to the other models. Although model 19c thermal behavior is not desirable in summer, its performance in winter is suitable and better than most models. Calculating Tmrt of different configurations in summer and winter show that models 4,5,12 and 16's thermal performance is desirable during both seasons.
PMV distribution
The PMV distribution analysis are only considered at 4 pm in summer and 9 am in winter since there are many models and figures which describe the PMV distribution. This time frame is chosen for analysis purposes of PMV distribution rate since higher occupy frequency of occupants in their courtyards. Also 4pm in summer and 9am in winter are the most uncomfortable periods to use the courtyards. The simulated results of models at 4 pm are shown in Figure 10 below for better understanding of this subject. The maximum temperature is at 4 pm, and none of the models provides the satisfactory thermal comfort (i.e. +2
to -2). Although, models 12h, 13h, 16h, 17h and 18h perform better in contrast to the other models since their PMV is lower. The PMV of models 2h, 3h, 7h, 10h, 11h and 19h is higher (above +4) and portray an undesirable outcome.
Analysis of different configurations at 9 am in winter proves the importance of shadowing in PMV deduction in courtyards (Figure 11 ). The PMV rate of areas with shadow is about -4 whereas the exposed parts of courtyards are more desirable in terms of thermal comfort. However, all models fail to perform up to the standard level of (-2 to +2) in terms of the spatial PMV distribution. It can be concluded that any configuration with a larger area exposed to direct solar radiation in the morning, for example model 19h provides a better thermal condition. 
UTCI
During summer: Figure 12 indicates level of UTCI in different courtyard configurations. It is evident that all models experience the desired thermal comfort (18-26°C) for a few hours of the day (between 7-9 am and 20-23 pm). 4-sided (a1, b1), 3-sided (a2, b2), 2-sided (a3, b3) and 1-sided (a4, b4) courtyard models.
Figure12. UTCI Level during summer (a) and winter (b) in
UTCI level of all four-sided configurations (1h-5h) is within thermal comfort range at 8 am and it gradually increases to its maximum point that is 41 C at 14 pm. UTCI is not satisfactory at 16 pm in models 2h and 3h in comparison to other models such as 1h, 4h and 5h even though, none of them are within the thermal comfort range. All models experience thermal comfort between 19-23 pm. The UTCI changes pattern of all three-sided (6h-13h) and two sided (14h-18h) models are almost identical. All models enjoy thermal comfort between 7-8 am and 19-23 pm. However, model 12h has a lower rate of UTCI between 13-17 pm, knowing all of three-sided models are not in the thermal comfort zone. Models 6h, 7h and 8h perform poorly in those hours. Two-sided models of 16h and 17h thermally perform better between 6-10 am and 13-17 pm. All models, with the exception of 18h, are in the comfort zone between 8-9 am. All models experience thermal comfort at night. The results of model 19h is not satisfactory, in Figure 12a3 .
During winter, all models follow an almost identical pattern of UTCI change during winter. Figure 12b1 shows UTCI graph of four-sided models (1c-5c). Models 3c, 4c and 5c are in comfort zone between 11 am-13 pm while other models are not in that zone. Analyzing three-sided courtyards, all models are not in the comfort zone at 11 am-13 pm with the exception of 6c, 8c, 11c, and 12c, Figure 12b2 . According to Figure   12b3 , none of two-sided models experience thermal comfort at any time. However, models 15c and 16c perform slightly better around 11 am-13 pm in contrast to other models. Model 19c has the highest rate of Tmrt as well as duration of thermal comfort from 11am to 14 pm. In general, discussing level of UTCI shows that models 4,5,12 and 16 have the most desirable thermal performance in both seasons. Figure 13 shows the daily average of UTCI in all models during summer and winter. However, some models perform better in one season or another in comparison to other models. Considering the thermal performance of all models in both seasons, model 12 has approximately all desirable criteria regarding thermal performance in summer and winter. Therefore, model 12 is selected as the base model for phase 2 investigation.
Phase 2
Figure 13. A comparison of the daily UTCI in all models during summer (right) and winter (left).
Orientation and Height to Width Ratio
The effects Calculating daily Tmrt reveals that deep model's thermal performance is better during different orientations and hours of the day in summer. The deep models have a lower rate of Tmrt, specially around necessary hours of the day (afternoon) ( Figure 15 ). In general, the rate of Tmrt increases as the width increases while the H/W ratio decreases, as it is more exposed to solar radiations. However, Tmrt level of northward courtyards in winter follows the same pattern due to exposure decrease of solar radiation.
Figure15. A comparison of the effects of different orientations on Tmrt in modified models with different H/W ratio.
In contrast, Tmrt of deep models are slightly higher (about 1-3 °C) in comparison to those with lower H/W ratio that is due to increase of solar radiation exposure as well as decrease wind speed (Figure 16 ). In However, the deep models of this orientation have a higher rate of UTCI between 7am-12pm while this rate is lesser between 1pm-5pm. All the westward models perform identically, with the exception of deep models which perform better around 10am-11am and 5pm (Figure 17 ).
The obtained results of UTCI in winter show that deep courtyards in comparison to wider models have a higher rate of UTCI even in hours when direct radiation is absent. Comparing these graphs to the given wind speed and Tmrt, it could be concluded that deep courtyards have greater potentials in providing better microclimatic conditions due to reduction of wind speed.
Figure 9 A comparison of the effects of different orientations on UTCI in modified models with different H/W ratio.
In addition, statistical analysis provides a better understanding using multiple linear regression analysis in regards to determining the effects of UTCI-dependent variables of humidity, wind speed, Tmrt and air temperature in summer and winter. First, Kolmogorov-Smirnov statistical test is used with the dependent variable (UTCI) to check the possibility of using multiple linear regression. The obtained results are thoroughly shown in Table 6 . Based on the P-Value during both summer and winter that is 0.52 and 0.73 respectively, the normality hypothesis of dependent variable is not rejected. After the normality confirmation of dependent variable, the independent variables of air temperature, relative humidity, wind speed and radiation temperature are individually tested during summer and winter in order to obtain a regression model for a significant level of a = 0.05(sig.). Therefore, Eq.1 shows the regression model in summer and Eq.2 shows the regression model in winter. Table 7 ). Figure 18 shows the changes of UTCI of model H/W: 3/1 in all directions. Considering these graphs, all models are within the thermal comfort range between the hour ranges of 6-8 and 20-23. However, outside of these ranges models with southward and northward orientation show a lower rate of UTCI in the hour range of (9-19). Analyzing the results of different models in winter show that the southward orientation performs significantly better and it is within the thermal comfort zone in the hour range of 11am-13pm. 
Conclusion
Urban microclimatic analysis helps to add onto the current knowledge regarding its thermal behavior. It also improves the living conditions within the urban environments. There are a limited number of past studies regarding the thermal comfort of central courtyards and the effects of geometrical parameters in climates with hot summers and cold winters. Unlike the previous studies which only focused on one particular courtyard, this study aimed to evaluate and categorize the central courtyard of 45 existing models to modify and introduce a new microclimate model in hot and dry climate. This study investigated the thermal comfort conditions of central courtyards in Shiraz, Iran. 19 courtyard models were selected after analyzing 45 different traditional houses with central courtyards. After thorough analysis regarding the thermal performance of all models, one model was selected as the base model. Finally, the effects of changing the orientation and its height to width ratio of the based model is discussed.
The courtyards, if designed appropriately, could serve as a microclimatic optimizer in order to provide thermal comfort in summer and winter. Considering the geometrical parameters at the early stages of design, could significantly improve the thermal conditions of courtyards in both seasons.
Regulating and controlling the direct solar radiation serves as the main strategy to improve thermal comfort in summer as well as winter. The courtyard should be designed in order to reduce the amount of absorbed solar radiation during summer while it increases this amount in winter. Controlling the wind speed also acts as an important factor in regulating the thermal comfort in winter. In the absence of Sunlight, reducing the wind speed is a significant approach in order to decrease the thermal stresses in the deeper models (H/W:3/1-2/1). Controlling the Sunlight as well as the wind speed is possible using the right design orientation and height to width ratio.
It can also be concluded that in the studied climate, deep southward courtyards with the H/W of 3/1 then 2/1(in 3-sided models) respectively are appropriate solutions of enhancing thermal performance as they regulate the sunlight as well as wind speed in summer and winter. The selected weather conditions of simulation purposes are of the extreme state. Therefore, the thermal comfort of these models performs better in reality than they showed in the simulation. It should be noted that factors like albedo of surfaces and vegetation were kept identical. The results of this research can be analyzed for use in similar climates with different narrower ratios from H/W values of 2.1 to 3.1 in new microclimate design. Further research should be undertaken to evaluate the effect of vegetations and building materials in courtyards.
